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SUGGESTED SAFETY RULES FOR INSTALLING AND 
USING ELECTRICAL EQUIPMENT IN BITUMINOUS 
COAL MINES. 


By H. H. Cuarx anp C. M. Means, 


INTRODUCTION. 


This report, presented by the Bureau of Mines with a view to in- 
creasing safety in mining, contains a set of rules recommended by 
the bureau for the installation and use of electrical equipment in 
bituminous coal mines. The object of publishing these rules is to 
bring about conditions that will be helpful in reducing the number 
of accidents from electricity and to urge the use of well-chosen equip- 
ment and the adoption of uniform and efficient methods of construc- 
tion, installation, and maintenance. These rules should be regarded 
as constructive and not as restrictive, as intended to assist and not to 
hinder, and should be considered as a suggested guide to the ac- 
complishment of satisfactory results. 


ACKNOWLEDGMENTS. 


For valuable suggestions and criticisms given in conference the 
authors wish to express their appreciation to the Consolidation Coal 
Co., represented by G. T. Watson, vice president, F. R. Lyon, general 
manager of operations, and R. L. Kingsland, superintendent of 
electrical equipment; to the Pittsburgh Coal Co., represented by A. 
B. Kiser, superintendent of electrical equipment; to the Keystone 
Coal & Coke Co., represented by F. B. Miller, treasurer, and G. W. 
Hutchinson, chief engineer; to the H. C. Frick Coke Co., represented 
by W. A. Chandler, electrical engineer; to the Delaware, Lackawanna 
& Western Railroad Co., represented by H. M. Warren, electrical 
engineer, and F. J. Duffy, general district foreman; to the General 
Electric Co., represented by K. A. Pauly and F. L. Stone; to the 
Pneumelectric Co., represented by H. V. Brown; to M. E. Walthall, 
electrical engineer; to Day & Zimmerman, represented by H. B. Vin- 
cent; to the Penn Public Service Co., represented by B. M. Fast and 
R. I. Gilliland; and to the Penn Central Light & Power Co., repre- 
sented by J. F. Cole. 
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The authors also wish to express their indebtedness to William 
Kelly, of Vulcan, Mich.; to S. A. Taylor and Wilfred Sykes, of Pitts- 
burgh, Pa.; to Clyde G. Brehm, electrical engineer of the Oliver & 
Snyder Steel Co.; to C. W. Beers, electrical engineer of the Lehigh 
Valley Coal Co.; and to R. L. Eltringham, electrical engineer of 
the Industrial Accident Commission of California, for constructive 
criticism. : 

Acknowledgment of valuable assistance is also made to J. J. Carty, 
chief engineer of the American Telephone & Telegraph Co., for infor- 
mation as to the practice of that company ; to H. M. Hobart, consulting 
engineer for the General Electric Co.; to D. B. Rushmore, of the Gen- 
eral Electric Co.; to W. I. Slichter, professor of electrical engineer- 
ing at Columbia University; and D. H. Coble, secretary of the H. C. 
Frick Coke Co. 

Acknowledgment for review and criticism of the rules presented 
herein is also due to G. S. Rice, chief mining engineer; Charles 
Enzian and H. M. Wolflin, mining engineers, and L. C. Isley, assist- 
ant electrical engineer of the Bureau of Mines. 


BASIS OF THE RULES. 


Five basic measures for safeguarding the use of electricity in mines 
are as follows: 

1. Remove the contributory causes. 

2. Remove from the vicinity of electrical apparatus all elements 
susceptible to the influence of electricity. 

8. Keep the electric current where it belongs, if possible. If not, 
limit the area of its activity by protective devices. 

4. Use a large factor of safety in the selection, installation, and 
inspection of equipment. 

5. Have full control of the movements of electrically driven 
machines. 

Each rule that is given in this report is proposed as necessary or 
helpful to the accomplishment of one or more of these measures. 


DEFINITIONS OF TERMS USED. 


The meanings of some of the terms and expressions as used in this 
paper are defined below in order to avoid confusion. The terms so 
defined are designated with an asterisk (*) in the text. 

Alive——See definition of “ live.” 

Approved.—The term “approved ” means accepted as suitable by 
a competent committee, board, or organization designated by those 
adopting the rules. , 
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Authorized person.—The term “authorized person” means a per- 
son appointed or permitted by the official designated by the State 
mining laws as the one in charge of the operation of the mine to carry 
out certain duties incident to the generation, transformation, and dis- 
tribution or use of electric energy in the mine, such person being one 
who is competent within the purpose of the rule in which the term is 
used. 

Electric system.—The term “electric system” means all electric 
apparatus pertaining to the operation of the mine and under the 
control of the mine officials that is connected electrically to a com- 
mon source of potential or that is installed so that it can be thus 
connected. 

Explosion proof.—The term “ explosion-proof casing or inclosure ” 
means an inclosure that is so constructed and maintained as to pre- 
vent the ignition of gas surrounding it by any sparks, flashes, or . 
explosions of gas that may occur within such inclosure. 

Gaseous place.—The term “ gaseous place” means a place * that is 
likely to be dangerous from the presence of inflammable gas. 

Grounded circuit.—The term “ grounded circuit” means a circuit 
that is permanently grounded at one or more points. 

Grounding.—The term “ grounding” as applied to any object used 
in connection with a permanently grounded electric system means 
connecting such object to the earth in such a way that a path of low 
resistance is provided between the object and the permanently 
grounded point of the system. A connection to a thoroughly bonded 
rail is an example of a good ground connection. 

The term “ grounding” as applied to any object used in connec- 
tion with an electric system that is not provided with a permanent 
ground means making a connection to the general mass of earth in 
such a manner as will insure at all times an immediate discharge of 
electrical energy without danger. 

Ground return.—The term “ ground return” means that part of 
a circuit which is the earth, or metallic conductors intimately asso- 
ciated with the earth, and which is practically at earth potential* 
at all points. 

Live.—The word “live” means “ charged with electricity ” to such 
a potential as to be in a condition to give a dangerous electric shock. 

Portable electric lamps.—Portable electric lamps are electric lamps 
that while lighted may be carried about. This general term includes 
lamps operated by batteries and lamps connected to a source of 
power by a flexible conductor whose length limits the range over 
which the lamp may be used. 

¢The word “ place” is used here in its broadest sense, and refers to any excavated 


space anywhere within a mine. It should not be confused with “working place" or 
“working face.” 
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Self-contained portable electric lamps.—Self-contained portable 
electric lamps are electric lamps that are operated by an electric 
battery that is designed to be carried about by the user of the lamp. 

_ Portable motors.—The term “ portable motors” means motors that 
are intended for service here and-there as occasion requires and that 
are so constructed or mounted as to facilitate moving them from 
place to place. 

Stationary motors.—The term “ stationary motors” means motors 
installed in a permanent manner. 

Potential.—The words “ potential” and “voltage” are synony- 
mous, and mean electrical pressure. 

Difference of potential_—The expression “ difference of potential ” 
means the difference in electrical pressure existing between any two 
points in an electrical system or between any point of such a system 
and the earth, as determined by a voltmeter. 

Potential of a circuit—The potential or voltage of a circuit, ma- 
chine, or any piece of electrical apparatus means the potential nor- 
mally existing between the conductors of such circuit or the termi- 
nals of such machine or apparatus. 

(a) Any potential less than 301 volts shall be deemed a low 
potential. 

(6) Any potential greater than 301 volts but less than 651 volts 
shall be deemed a medium potential. 

(c) Any potential in excess of 651 volts shall be deemed a high 
potential. ‘ 

Protected—The word “protected” as applied to the current- 
carrying parts of an electric system* is taken to mean that accidental 
contact with such parts is prevented by approved* guards. 

Shock-proof.—The term “ shock-proof” as applied to the current- 
carrying parts of an electric system* (excepting trolley wires) is 
taken to mean that contact with such parts is prevented by the use 
cf grounded metallic coverings or sheaths. 

Generating station —The term “ generating station” means a sta- 
tion in which electric generators are operated by prime movers. 

Substation.—The term “substation” means a station in which the 
current is changed in character, or potential. 

Underground station—The term “underground station” means 
an underground place in which there are installed transformers, 
switchboards,* or electrical machines other than portable motors,* 
or any one of them. 

Switchboard—The term “switchboard” means the essential 
mounting common to several pieces of switch gear or controlling 
appliances. 

Voltage.—See definition of “ potential.” 
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DIVISION 1.—GENERAL RULES. 


(For definitions of terms starred with an asterisk see pp. 6-8.) 


MAN IN CHARGE OF ELECTRICAL EQUIPMENT. 


1. At each mine where electricity is used underground there shall be in 
charge of the electrical equipment a man fitted for his position by ability, 
training, and experience. The character of the equipment will determine the 
qualifications of the mine electrician, and he shall be thoroughly familiar with 
the operation and maintenance of the equipment under his charge. 


PERSONS WORKING ON ELECTRICAL EQUIPMENT. 


2. No person shall be allowed to work on or with electrical equipment of 
any kind unless he has been previously instructed by an authorized person* in 
the performance of his duties. 


CONSTRUCTION AND RATING OF APPARATUS AND RELATION OF CAPACITY To DuTy. 


3. The electrical equipment used in connection with the underground electric 
system* shall be designed to meet successfully the conditions under which it 
will be required to operate. _ 

4. All electrical equipment shall be rated in accordance with the current- 
standardization rules of the American Institute of Electrical Engineers. 

5. The rating of each piece of electrical equipment shall be stamped on it 
or inscribed on a metal plate suitably mounted and maintained upon the 
equipment. The inscription on the plate shall indicate whether the rating is 
for continuous or intermittent service and shall be in accordance with the 
name-plate requirements of the American Institute of Electrical Engineers, 

6. The capacity of equipment shall be so related to the work that it has to 
do that the performance of its duties shall not cause undue heating, straining, 
or wear and tear. 

7. Equipment designed for intermittent service shall not be used for con- 
tinuous service except at suitably reduced loads. 


PERMISSIBLE VOLTAGES. 


8. For transmission purposes underground a potential* in excess of medium 
voltage* may be used, provided that such circuits are carried inside metallic 
sheaths or coverings with the sheath or covering permanently grounded.* This 
current may be applied only to transformers or to motors in which the high 
potential* windings are a part of the stationary element. Medium or low 
voltage* may be directly applied to all electrical equipment.@ 


MECHANICAL CONSTRUCTION OF INSTALLATIONS, 


8. Care shall be taken to insure good mechanical construction and neat 
workmanship in connection with all wiring and the installation of equipment. 


PREVENTION OF ACCIDENTAL CONTACT. 


10. Enough space shall be provided for free movement where regular passing 
is required or permitted around all unprotected* parts of the electric system,* 


*It is earnestly recommended that no voltage in excess of low voltage* be applied 
directly to locomotives, coal-mining machines, or other apparatus of a portable* character. 


55652°—16——2 
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and places where persons must pass close to or adjust permanently installed 
electrical machinery shall be sufficiently lighted. 

11. The standing room around all electrical equipment shall be kept as dry 
as practicable. At any place where it is necessary to manipulate or adjust 
medium or high voltage live equipment, including switches, motor starters, and 
other controlling appliances, excepting locomotives and machines that are 
moved so frequently that they are provided with trailing cables, there shall be 
provided and available an insulated platform or mat which may be of a form 
and character most in keeping with the circumstances of its use, and which 
shall be not less effective than a dry board 3 feet by 15 inches by § inch. 

12. All metallic frames, casings, and coverings, except those of mining ma- 
chines and drills, that may become alive * shall be permanently grounded.* ¢ 

18. Where danger exists of accidental contact with wires carrying electric 
current the wiring shall be protected.* In haulage roads used as traveling ways 
the wires need not be protected * if a traveling way of approved * dimensions 
is provided on the side of the entry opposite from the wires. Where wires are 
run in an entry in which no one but authorized persons * are allowed to travel, 
or where no hazard from contact exists, the wires need not be protected.* 

14. Weatherproof varnished cloth, rubber, or similar insulation, unless in- 
closed in a metallic sheath, when used underground will not be considered as 
a protection against shock, 

15. In untraveled places where the roof is likely to fall all electrical con- 
ductors shall be especially protected from injury by falling roof. 


CaRBRYING CAPACITY OF CONDUCTORS. 


16. The carrying capacity of insulated conductors of distributing circuits 
shall be determined by reference to the table of carrying capacities laid down 
in the National Electric Code. 

The carrying capacity of bare conductors shall be determined by reference 
to Table 1 following: 


TasBLe 1—Current-carrying capacity of bare copper conductors used in mines. 


S353333333° 
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ELEcTRICAL EQUIPMENT IN GASEOUS PLACES*, 


17. Only explosion-proof* equipment and wire insulated not less effectively 
than with three approved* weatherproof braids shall be used in gaseous places* 
in a mine. 


*It is assumed that the ordinary conditions of operation of locomotives fulfill the 
requirement of this rule. 
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See also rules 56, 69, 75, 105, 111, 123, 128 to 136, 140, 142, 144, 145, 148, 
and 168. 
INSPECTION AND MAINTENANCE. 


18. At each mine where electricity is used underground a systematic inspec- 
tion of all wiring and equipment shall be made at regular intervals, at least 
once every month. A report of each inspection shall be made by the mine 
electrician or inspector and a copy of this report shall be furnished to the 
mine foreman and kept on file at the mine. The report shall definitely state 
the condition of each underground station*, of the conductors and controlling 
appliances of each main and branch, power and lighting circuit, and of the 
motors and controlling appliances of each locomotive, mining machine, pump, 
hoist, or other piece of electrical apparatus connected to the electrical system* 
of the mine. 


NOTICES AND WARNINGS. 


19. Caution notices shall be posted at points where such warnings will be 
most effective in reducing the likelihood of contact, and prohibitory notices 
shall be posted wherever electrical apparatus that should not be manipulated 
by unauthorized persons* is installed. 


INSTRUCTION FOR RESUSCITATION. 


20. There shall be posted prominently in every surface and underground 
station* and at the entrance to the mine, instructions for the restoration of 
persons suffering from electric shock. 

All employees who work with or on electrical apparatus must know how to 
carry out these instructions without delay. 


Pitan Map oF ELECTRICAL SYSTEM. 


21. <A plan shall be kept at the mine showing the location of all permanently 
installed electrical machinery and apparatus in connection with the mine elec- 
trical system*, including cables, conductors, lights, motors, switches, trolley 
lines, and transformers. The plan shall be of sufficient size to show clearly 
the location of such apparatus, and the scale shall be not less than 200 feet 
per inch. There shall be stated on the plan the capacity in horsepower or 
kilowatts of each motor and transformer and the nature of its duty. Such 
plan shall be corrected as often as may be necessary to keep it up to date 
at intervals not exceeding six months. 


Fire PROTECTION. 


22. Buckets filled with clean dry sand shall be kept in all underground 
stations* for immediate use in extinguishing fires. The minimum amount of 
sand thus stored in any one station shall be not less than 2 cubic feet. No 
sand will be required if two or more approved* fire extinguishers are kept in 
each station*. 


«See Cannon, W. B., and others, Report of the Committee on Resuscitation from Mine 
Gases: Tech. Paper 77, Bureau of Mines, 1914, pp. 15-17; Lynott, W. A., and Harrington, 
D., Elementary first aid for miners: Miners’ Circular 23, Bureau of Mines, 1916, pp. 
20-22, 
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12 SAFETY RULES FOR ELECTRICAL EQUIPMENT IN COAL MINES, 
DIVISION 2.—SURFACE AND UNDERGROUND STATIONS. 


GENERATING STATIONS AND SURFACE SUBSTATIONS. 
GENERAL RULES oF SAFETY. 


See rules 10 to 18, inclusive. 
GENERATORS. 


23. Generators shall be installed upon adequate foundations in a dry place 
free from explosive vapors or inflammable material. 

24. Machines generating a potential* in excess of low voltage* shall not 
have exposed terminals. 


SwWITCHBOARDS AND CONTROLLING APPLIANCES, 
See rules 40 to 46, inclusive. 
PROTECTION oF CrecuITs LEADING UNDERGROUND. 


See rules 77 and 78. 
LIGHTNING ARRESTERS. 


25. Each outgoing circuit that leads underground and extends over the 
surface of the ground 500 feet or more from the generating station* or sub- 
station* shall be equipped with lightning arresters of approved* type, with 
proper ground connection, at the generating station or substation and also at 
the point where the circuit enters the mine. 

26. Lightning arresters shall be connected on the secondary side of all 
transformers that feed underground circuits unless there is provided other 
suitable means for discharging abnormal voltages. 


ELECTRICALLY DRIVEN VENTILATING FAN—HOUSING, POWER SUPPLY, AND 
ATTENDANT. 


FirEPRooF BUILDINGS. 


27. All electrically driven mine ventilating fans, together with the housing 
of the motor, shall be built of fireproof materials. 

Underground electric fans shall not be used where the air current is rated 
as gaseous, and when used in nongaseous places the surroundings shall be fire- 
proofed within a radius of 15 feet from the motor unless this has a permissible 
explosion-proof casing. 

Powers SuPPLy. 


28. If the line supplying the power is exposed to the influence of lightning, 
lightning arresters shall be placed near the point where the wires enter the 
fan house. 

29. Where stopping the fan would place in jeopardy the lives of men under- 
ground, a duplicate connection from the fan to the power supply shall be pro- 
vided on a separate line of poles if the regular line is so exposed as to be liable 
to failure, except at mines where a reserve source of mechanical power is in- 
stalled for operating the fan. If the regular source of power is from a station 
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where there is but one generator a connection to another source of electric 
power shall be provided, unless there is a source of mechanical power in reserve. 


ATTENDANT. 


30. The responsibility for the operation of electrically driven mine-ventilat- 
ing fans shall devolve upon an authorized* person. 


ELECTRICAL EQUIPMENT ON TIPPLES AND OTHER SURFACE STRUCTURES. 


31. All electrical equipment on tipples and other surface structures shall be 
installed in accordance with the rules of the National Board of Fire Under- 
writers. 

32. Starters of motors on tipples shall be provided with a no-voltage release, 
and if practicable shall be located within sight of the motors that they control 
or the machines that they operate. A switch or other means for disconnecting 
the motor from the power supply shall be installed near the machinery, 


UNDERGROUND STATIONS.” 
GENERAL RULES oF SAFETY. 


See also rules 10 to 13, inclusive, and rule 22. 

38. All underground stations* shall be fireproof and well ventilated with 
fresh air, and shall be wired in accordance with the requirements of the 
National Board of Underwriters. 

34. Ventilation may be accomplished through openings in the walls, but, with 
the exception of underground stations* in which only switches are installed, 
the openings shall be provided with noncombustible doors that will either close 
automatically in case of fire or can be closed easily from outside the room by 
the attendant. Underground transformer stations* need not be provided with 
fire doors if the transformer casings will withstand red heat without their 
seams opening, and are equipped with explosion doors that will relieve the pres- 
sure of an explosion within the casing and automatically close again and 
exclude air from the casing. 


TRANSFORMER STATIONS. 


See also “ Underground Transformers” (p. 17), and rules 34, 40 to 46 inclu- 
sive, 80, and 81. 

35. Transformer stations shall be so arranged that if a transformer ex- 
plodes the oil will not flow outside the room. 

36. Wires shall be carried on noncombustible supporting framework and the 
use of wood shall be entirely eliminated. The supporting framework shall be 
grounded*. 

37. All transformers in excess of 50-kilowatt capacity shall be equipped 
with suitable ammeters in either the primary or secondary circuits, or have 
provision for connecting portable instruments into such circuits. 


Pump STAtTIONs. 


See also rules 54 to 68, inclusive. 
38. Pump motors operating at potentials* exceeding the limits of low volt- 
uge shall be wired inside the pump station with approved* wires carried in 
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conduit sealed to exclude moisture or sheathed with lead and so placed or pro- 
tected as to avoid mechanical injury. The metallic covering shall be perma- 
hently grounded*. 

BaTTrery-CHARGING STATION. 


See also rules 33 and 34. 

39. Battery-charging stations shall be provided with approved* means for 
the immediate removal of the gases generated during the process of charging 
the batteries. 

Hoist Stations. 


See “General Rules of Safety for Underground Stations” (pp. 13-14), rule 
38, and rules 54 to 68. 


DIVISION 3.—MACHINES AND APPARATUS. 


GENERAL RULES FOR SAFETY. 


See rules 3 to 8. 
SWITCHBOARDS.* 


See also rules 59 to 68 and 76 to 81. 

40. Switchboards* shall consist of a substantial framework of iron pipe, 
angle irons, or bar iron, on which shall be mounted a panel or panels of incom- 
bustible, nonabsorbent insulating material that is mechanically strong and has 
insulating qualities suitable for the voltage* at which it is used. 

41. The panels of insulating material may be omitted if each piece of equip- 
ment carried on the switchboard* is provided with an individual base of 
insulating material of the character specified for the panels and of adequate 
dimensions, or has its current-carrying parts mounted on similar insulation 
self-contained in the equipment, which shall be especially designed for mounting 
on iron-pipe, angle-iron, or bar-iron frameworks. 

42. A passageway not less than 3 feet wide shall be provided in front of 
low and medium voltage* switchboards,* and a similar passageway behind 
such boards if there are connections that can not be manipulated or repaired 
without going behind the switchboard. 

43. Where the potential* of the power supply exceeds the limits of medium 
voltage* there shall be no unprotected,* live,* high-potential* metal work on 
the front of the switchboard within 7 feet of the floor, and the space provided 
for passageways in front and behind the switchboard shall be not less than 
4 feet, clear of all apparatus. * 

44. Conductors shall not cross the passageways back of switchboards* ex- 
cept below the floor or at a height of 63 feet above the floor. 

45. The space behind underground high-voltage* switchboards* shall be kept 
locked if there are unprotected* terminals or conductors back of the switch- 
board. 

46. There shall be provided for each generator an ammeter of suitable 
capacity, and for all generators a voltmeter that by closing a switch or 
manipulating a plug connection can be connected to any generator. 


ELECTRIC VENTILATING FAN EQUIPMENT, 


Hovusiné AND POWER NUPPLY, 


See rules 27 to 29. 
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Capacity OF Morors. 


47. Motors that operate ventilating fans shall be of sufficient capacity to 
drive the fan at the maximum speed of the motor under normal conditions of 
service without overloading. 


ConTRoL oF Morors. 


48. Nonautomatic motor-controlling appliances that are used with motors 
that are not self-starting shall be so arranged that the motor will be discon- 
nected automatically from the supply circuit in case the power supply fails. 


ELECTRIC HOISTING EQUIPMENT. 


Suarr Hoists. 


49. All electrically operated shaft hoists that are used for handling men 
shall, if not provided with a mechanical overwinding device, be provided with 
an approved* electrical device that will prevent overwinding at the man landing. 

50. Shaft hoists shall have a hand brake that will keep the hoisting drum 
under the control of the operator. This brake shall be provided with an auto- 
matic trip or release that will apply the brake in case the power supply fails. 

51. Hoists used for handling men shall be so arranged that the speed shall 
not exceed the legal rate of hoisting when men are being hoisted. If hoists 
are designed to operate in balance the driving motor shall be of sufficient 
size to hoist a full load of men, in case of emergency, in an unbalanced 
condition. 

52. All electrical safety devices shall be tested at the beginning of each shift 
and a record of such tests shall be made and signed by an authorized 
person * and kept on file at the mine. 


Store Hotsts. 


53. All electrically operated slope, tail-rope, or endless-rope hoists in mines 
shall be fitted with adequate controlling devices of approved * design. 


UNDERGROUND MOTORS OTHER THAN LOCOMOTIVES. 


See rules 3 to 9, and “ General Rules of Safety for Underground Stations*® ” 
(pp. 13-14), and rule 38. 


GENERAL CONSTRUCTION. 


54. Motors for use in damp places shall have approved* moisture-resisting 
insulation. 

55. The terminals of motors that operate at potentials* exceeding the limits 
of low voltage* shall be protected* from accidental contact by insulation or 
by grounded* coverings. Motors that operate at voltages exceeding medium 
potential* shall have their terminals entirely within the motor frame or 
bedplate or an approved* conduit box. 


EXxPLosION-PROoF* MOorTors. 


56. Explosion-proof* motors shall be such motors as have explosion-proof* 
casings approved by the Bureau of Mines as permissible for use in gaseous 
mines. 
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PorTABLE Morors*. 


57. The motors and controlling appliances of portable* pumps, hoists, and 
similar portable* apparatus shall be securely mounted on a common base 
with the machine that is to be operated. All wiring between the motor and 
the controlling appliances shall be carried in metallic conduit, and the con- 
trolling appliances shall be inclosed in a metallic casing. The use of conduit 
will not be required if the controlling appliances are mounted upon the motor 
frame in an approved menner. 

58. Mining-machine motors and other motors that use a trailing cable shall 
be provided where the cable enters the frame of the machine with an approved* 
means for preventing abrasion of the insulating covering of the cable. An 
insulating clamp placed within the frame, or protected by an approved* 
metallic covering, shall be provided for taking all mechanical strains upon the 
cable. (See also rule 119.) 


CONTROL. 


59. Every stationary motor* and every portable motor* used underground, 
except mining machines and drills, shall be protected, together with its start- 
ing device, by a fuse in each conductor leading to the motor or by a circuit- 
breaking device in at least one conductor of direct-current motors and in each 
conductor of alternating-current motors, and by switches arranged to cut off 
entirely the power from the motor. The above devices shall be installed in a 
convenient position in sight of the motor or in sight of the equipment that 
the: motor operates. The controlling appliances of stationary motors,* except 
the controllers of hoists and similar equipment, shall be mounted upon a 
switchboard.* 

Resistances may be mounted upon a separate metallic framework. 

60. Underground motors that operate car or coal-handling equipment shall 
be provided at a point near such equipment with a switch or other means for 
disconnecting the motor from the power supply. 

61. Underground motors used to drive booster or auxiliary fans shall be so 
designed or equipped that they will start automatically when their circuits 
are connected to the power supply. 

62. All nonautomatic, current-limiting starting devices, except those used 
with mining machines, drills, locomotives, and hoists, shall be provided with 
a no-voltage release. 

63. Electrically operated mining machines and drills may be protected by a 
single fuse and need not be equipped with a line switch if an approved* 
current-rupturing device is installed at that end of the trailing cable which 
is nearest to the power supply. If a hook is used for this purpose it shall be 
provided with an insulated handle of approved* construction. If cable reels 
are used they shall be provided with an approved* means for opening the 
circuit under full motor load. (See also rule 123.) 

64. All insulating material used in connection with starting resistances shall 
be noncombustible. This includes the insulation of wire used for the in- 
ternal wiring of resistances. 

65. All switches shall be so installed that they can not close by gravity. 

66. Every underground stationary motor* of 100 brake horsepower or over 
shall be provided with a suitable meter to indicate the amount of load on the 
machine. 

67. All wiring between motors and their controlling appliances shall be 
insulated. 
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68. Overload release devices on starting rheostats and compensators will 
not be considered as taking the place of circuit breakers if such devices are 
inoperative during the starting of the motor. If automatic starting devices are 
used they shall be inclosed in a fire-proof inclosure, or mounted upon a 
metallic framework clear of all combustible material. 


LOCOMOTIVES, 


69. Electric haulage by locomotives operated from a trolley wire shall not 
be permitted in any gaseous place* in a mine. 


WIRING. 


70. The wiring on all locomotives shall be of ample size to carry the current 
and shall be insulated with rubber or varnished cloth, covered with a double 
braid, and where space permits shall be incased in approved* metallic con- 
duit, with the exception that any wires that are subjected to high tempera- 
tures shall be covered with flame-proof material. 


HEADLIGHTS. 


71. <A headlight shall be placed on each locomotive. If are headlights are 
used, an approved* switch shall be provided that will allow the motorman to 
turn the lights on or off without leaving his seat. 


Sanp Boxes. 


72. Each locomotive shall be provided with sand boxes large enough to con- 
tain an ample supply for the run or until such time as the supply can be 
replenished. 

GATHERING LOCOMOTIVES. 


78. Gathering locomotives may be operated with a single-conductor trailing 
eable if the track is thoroughly bonded; otherwise double-conductor trailing 
cable must be used. 

74, The trailing cable of gathering locomotives shall be provided with an 
approved * insulated hook or other device for making connection to the trolley 
wire, and if a double-conductor cable is used a similar hook or device shall be 
provided for making connection to the track rail. 


StrorAGE-BATTERY LOCOMOTIVES, 


75. Storage-battery locomotives may be used in gaseous places* in a mine 
if the locomotives have been approved as explosion proof* by the Federal 
Bureau of Mines. 


UNDERGROUND TRANSFORMERS, 


See “ Underground stations *” (p. 13), “ Transformer stations” (p. 13), and 
rules 80 and 81. 


DIVISION 4.—CIRCUITS AND CONDUCTORS. 
PROTECTION AND CONTROL. 


PROTECTION OF ALL CIRCUITS. 


76. All circuits shall be provided with current-rupturing devices of such 
eapacity and so installed that the current in any part of the circuit can not 
exceed the carrying capacity of that part as defined by rule 16, 


55652°—16—3 
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PROTECTION oF CrrcuITts LEADING UNDERGROUND FROM GENERATING STATIONS.* 


77. Every direct or alternating current circuit leading underground from 
generating stations * or substations * and operating at a potential * not exceed- 
ing the limits of medium voltage * shall be provided above ground with a switch 
in each conductor and an automatic overload circuit breaker in at least one 
conductor (the ungrounded side), in the case of direct-current circuits, and in 
each conductor of alternating-current circuits with trip coils in at least two 
phases. Each such circuit shall be provided with a suitable ammeter. Where 
the load on the circuit does not exceed 50 kilowatts, or where it can be shown 
that the maximum short-circuit current can not exceed 500 amperes, the circuit 
may be protected by a switch in each conductor provided with National Electric 
Code fuses of proper capacity and no ammeter need be provided. 

78. Every alternating-current feeder circuit leading underground from a 
generating station* or substation* and operating at a potential* exceeding 
the limits of medium voltage* shall be provided at the generating* or substa- 
tion* above ground with a disconnecting switch and an oil-break switch in 
each conductor, such oil-break switch or switches to be equipped with an 
automatic overload trip having a trip coil in at least two phases. Each such 
circuit shall also be provided with a suitable ammeter. 


PROTECTION OF BorE-HOLE TRANSFORMERS ® INSTALLED ON THE SURFACE. 


79. Circuits entering bore-hole transformers shall be protected at generating* 
or substations* as prescribed in rule 78, and shall be protected at the trans- 
former with an oil switch or with approved* air-break switches and fuses. 
Circuits leaving bore-hole transformers need not be provided with either 
switches or fuses if these are installed at the places where power is used 
underground. 


PROTECTION OF UNDERGROUND TRANSFORMER CIRCUITS. 


80. All transformers shall be equipped with automatic current-interrupting 
devices in at least the primary side of the transformer; and also in the sec- 
ondary side of the transformer {if the current-interrupting devices in the 
primary are not readily accessible from the transformer. 

81. When the potential* of circuits entering or leaving underground trans- 
formers exceeds the limits of medium voltage*, current-interrupting devices 
shall consist of an oil-brenk switch in each conductor and each switch shall be 
provided with an automatic overload trip. 

82. When the potential* of circuits entering or leaving transformers does 
not exceed the limits of medium voltage*, their protective devices may consist 
of an oil-brenk switch as described above or of a knife switch and automatic 
circuit breaker in each conductor, except that approved* fuses may be sub- 
stituted for circuit breakers. 


MaxtmMuM RESISTANCE OF CIRcutts. 


83. The resistance of any circuit shall not be so great that a complete short- 
circuit at any point will fail to operate the current-rupturing device that pro- 
tects the circuit. 


*A bore-hole transformer is a transformer installed out-of-doors on the surface near 
the bore hole through which the secondary circuit enters the mine. 
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INSTALLING OF SURFACE CIRCUITS. 
Surrace TRANSMISSION LINEs. 


84. Power wires shall not be placed on the same cross arms with telegraph, 
telephone, or signal wires. When placed on the same pole with such wires 
and below them the distance between the two inside pins of each cross arm 
carrying power wires shall not be less than 26 inches. 

85. Transmission lines operating at potentials* in excess of 5,000 volts shall 
not be placed on the same poles with telephone circuits that are or can be 
connected underground unless the telephone lines are provided with approved* 
protective devices that are capable of preventing the higher voltage from 
entering the underground telephone circuits. 


SurFAcE TROLLEY LINES. 


86. All surface trolley lines shall be kept at least 6 feet above the top of the 
rail and shall be protected* at all regularly provided crossings by a guard that 
will prevent men from coming in contact with the wire either directly or by 
bringing tools in contact with the wire. 

87. That part of the trolley circuit used for surface operations shall be so 
arranged that it can be entirely disconnected from the power supply without 
cutting off the current inside of the mine or interfering with the operation of 
other apparatus not a part of the trolley system. 

88. Trolley wires shall not be smaller than No. 0 B. & S. gage copper wire or 
No. 4 B. & S. gage silicon-bronze wire, and shall withstand easily the strain put 
upon them when in use. 

89. Trolley wires shall have double insulation from the ground unless an 
approved* single insulator is used. In wooden pole construction the pole will 
be considered as one insulation. 


METHODS OF CARRYING CIRCUITS UNDERGROUND, 
SUSPENSION IN SHAFTS. 


90. All power conductors installed in shafts shall be covered with approved* 
insulating material throughout or protected* in an approved manner, and shall 
be firmly fastened to or suspended from properly supported insulators, unless 
the conductors are sheathed with lead or inclosed in conduit. Conductors 
used as returns in shafts for ground-return* systems shall be supported on in- 
sulators, but need not be covered with insulation. 

91. Shaft cables that are so constructed that the whole or any part of the 
cable is not self-sustaining shall be supported in an approved* manner at such 
intervals as may be necessary to prevent the occurrence of undue strains in 
sheath, insulation, or conductors. 

92. Shaft cables shall be so placed or protected that they are not liable to 
injury from falling material. . 


SUSPENSION IN Bore Hotes. 


93. All power conductors installed in bore holes shall be covered with in- 
sulation and supported in an approved* manner that shall prevent the occur- 
rence of undue strains in sheath, insulation, or conductors, 
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94. Telephone or signal wires shall not be installed in the same bore hole 
with power wires unless either the signal or the power conductors in the bore 
hole are incased in metallic coverings that are permanently grounded.* 


ENTRANCE OF ConpucTorsS THROUGH DriFTs or SLoPEs. 


95. Low and medium voltage* power conductors in drifts or slopes may be 
installed bare, but shall be carried on suitable insulators securely fastened to 
the sides or roof of the entry. If the drift or slope is used for traveling, the 
conductors shall be protected* as required in rule 102. 


INSTALLATION OF UNDERGROUND POWER CIRCUITS AND CONDUCTORS. 


96. All joints in wires shall be made electrically and mechanically efficient 
either by the use of an approved* mechanical connector or by soldering. 

97. Underground conductors will not be considered as shock proof* unless 
they are incased in metallic covering that is thoroughly grounded.* 

98. Low and medium voltage* conductors shall be carried at least 6 inches 
from the trolley line and on the nearest rib side of it, and shall be supported 
on insulators of an approved* type. When the height of the entry does not 
exceed 5 feet, the insulators shall be placed not more than 20 feet apart and 
as much closer as is necessary to support the wires properly. 

99. If the height of the entry is more than 5 feet, the insulators shall be 
placed not more than 30 feet apart and as much closer as may be necessary to 
support the line properly. 

100. High-voltage * conductors shall be carried in metallic coverings and 
shall be installed in an approved * manner with special reference to the condi- 
tions under which they are installed. 

101. The negative or return wire of grounded* systems shall be treated in 
exactly the same manner as the positive or live * wire and afforded the same 
support and insulation. 

102. All conductors in traveling ways, except haulage roads used for 
traveling (see rule 18) and medium-voltage * conductors in room entries shall 
be protected * throughout that part of the entry that is used for traveling, 
unless the conductors are at least 64 feet above the rail, in which case protec- 
tion * will be necessary only at those points where men are required to work 
beneath the conductors or pass under them, The insulators may be supported 
directly from the roof or side or may be attached to timbers not less than 
3 by 4 inches in size or may be secured to steel mine timbers. The insulators 
shall be placed so that-the height of the conductors above the bottom will be 
comparatively uniform. 

103. All conductors shall be strung with the least practicable sag between 
the supporting insulators and shall be maintained in this condition and kept 
from contact with rock, coal, timber, or other noninsulating material. 

104. All main conductors shall be sectionalized by knife-blade lever switches 
at points not more than 2,500 feet apart. 

105. If there are gaseous places * in the return air courses of a mine, electric 
circuits shall not be carried in such air courses. 


BrancH Conpbucrors. 


106. Branch conductors shall be supported and maintained in the same 
manner as inain conductors and given the same protection. 

107. At the point where branch circuits leave the main circuits there shall 
be placed a switch that will cut off all current from the branch circuits. 
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108. The conductors of branch circuits for operating mining machines shall 
be not smaller than No. 4 B. & S. gage copper wire. The conductors of pump 
circuits shall be not smaller than No. 8 B. & S. gage. 

108. Where wires pass through partitions or wooden or other brattices they 
shall be protected with porcelain tubes held in place with tape or thoroughly 
cemented in place so that they can not move. 

110. Entries or passageways in which wires are installed must be kept 
sufficiently free from rock, slate, or other material to permit ready access to 
the wires at all times. 


Room Wririna.? 


111. In gaseous places* rooms shall not be wired and in nongaseous places 
all room wiring shall be treated as a branch circuit and equipped at the room 
entrance with switches or some other device that will entirely disconnect the 
wiring when not in use. 


TROLLEY WIRES. 


112. Trolley wires shall be of hard-drawn copper not smaller in size than 
1/0 B. & S. gage and shall be securely supported on approved * hangers which 
may be attached directly to the roof or securely fastened to timber or equivalent. 

113. The height of trolley wires above the top of the rail shall be made as 
uniform as practicable and shall in no case be more than 20 per cent above or 
20 per cent below the average height. 

114. Trolley wires shall be placed at least 6 inches outside of the rail, kept 
in as straight a line as possible, and installed on the side of the entry opposite 
from shelter holes or traveling way or space. 

115.’ On straight runs the hangers shall be placed not more than 20 feet 
apart where the height of the roof above the track is 5 feet or less and not 
more than 30 feet apart where the roof is more than 5 feet above the track. 
On curves the hangers shall be placed so close together that the trolley wire at 
any one hanger may be entirely disconnected without exposing the locomotive 
runner to danger of contact. 

116. Underground trolley lines shall be sectionalized every 2,500 feet by 
placing in the line a switch by which the line can be entirely disconnected from 
the power supply. All branch trolley lines shall be provided with a frog at the 
point where they leave the main and also with a switch installed at or near the 
frog, by which the branch can be disconnected from the main. 

117. Trolley wires that are less than 64 feet above the top of the rail shall 
be protected * at all points where men are regularly required to work or pass 
under them and at all points where men may come in contact with the wires. 


Bonpinea. 


118. The tracks of all main haulage systems that use a rail return shall be 
bonded at every rail joint, and cross bonding shall be placed at intervals not 
exceeding 200 feet. Special provision shall be made for bonding around all 
switches, frogs, or openings in the track so as to insure a continuous return. 


Traine CABLES, 


119. Trailing cables for portable machines shall be specially flexible, heavily 
insulated, and protected with extra stout braiding, hose pipes, or other effective 
covering. (See also rule 74.) 


©The bureau recommends that reoms be not wired. 
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120. Each trailing cable in use shall be examined daily by the machine 
operator for abrasion and other defects, and he shall also be required to observe 
earefully the trailing cable while in use, and shall at once repair any defect or 
report it to the person in charge of electrical equipment. 

121. In the event of the trailing cable in service breaking down or becoming 
damaged in any way, or any person receiving a shock from it, it shall be at 
once put out of service. The faulty cable shall not again be used until it has 
been repaired and tested by an authorized person *, 

122. The trailing cable shall be divided at the motor, but only for such 
length as is necessary for making connection to the motor, and the cable, with 
its outer covering complete, shall be clamped securely to the motor frame in 
such a manner as to protect the cable from injury and to prevent any mechani- 
cal strain being borne by the single ends that make electrical connection to the 
motor. 

128. In gaseous places* in a mine, a fixed terminal box shall be provided at 
the points where trailing cables are attached to the power supply. This ter- 
minal box shall be explosion-proof* and shall contain a switch and fuse in each 
conductor of the circuit. The switch shall be so arranged that it can be op- 
erated only from without the box when the box is completely closed, and the 
switch shall also be so constructed that the trailing cables can not be attached 
or removed when the switch is closed. 


LIGHTING CiRcUITS IN NONGASEOUS PLACES.* 


See also rules 137 to 139, 141, and 143. 

124. Lighting wires shall be attached to power wires by soldering or by 
fastening under a set screw in a lug attached to the trolley hanger, or by such 
other devices as will prevent the wires from becoming loose. 

125. All wiring shall be supported on noncombustible, nonabsorptive insu- 
lators which shall separate the wires by at least an inch from the surfaces wired 
over. Wires of opposite polarity shall be kept at least 5 inches apart. 

126. No wires smaller than No. 14 B. & S. gage shall be used for lighting 
circuits in nongaseous places. 

127. When the ground is used as a return for lighting circuits the return 
wire shall be attached to the track by bonding to the rail or by attachment to 
regular bonding in an approved* manner. This ground connection shall be 
made of not less than No. 8 B. & S. gage copper wire which shall be buried be- 
low the surface and carried to the side of the entry and thence on porcelain 
insulators to the roof or a point at least 5 feet above the track. 


LIGHTING CIkCUITS IN GASEOUS PLACES*%, 


See also rules 140, 142, and 144. 

128. The potential* of lighting circuits in gaseous places* shall not exceed 
the limits of low voltage. 

129. Lighting circuits in gaseous places* shall consist of conductors inclosed 
in a metallic sheath permanently grounded* or of insulated wires completely in- 
closed in metallic conduit permanently grounded* and sealed. 


«The Bureau of Mines recommends that in mines in which fire damp is given off, or is 
liable to be given off, in dangerous quantities the use of lighting circuits be confined to 
those entries and places that are ventilated by intake air currents which have not passed 
by or through abandoned or active workings, except that a lighting circuit may be used in 
a shaft or slope bottom ventilated by a return air current in which the percentage of 
methane does not exceed 1 per cent. 
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130. The circuits shall be run from the outside with all switches and pro- 
tective devices on the surface, or by using switches, fuses, or circuit breakers 
inclosed in explosion-proof* casings situated underground, or by ventilating 
with fresh air the place where the switches and fuses are installed . 

131. If the circuits are run from the outside with the controlling devices 
installed on the surface, the conductors leading underground shall be not 
smaller than No. 8 B. & S. gage and each circuit shall be provided above 
ground with a suitable ammeter. 

1382. Each circuit shall have a double-pole switch and fuses or circuit 
breakers in the case of two-wire systems, and a three-pole switch and fuses 
or circuit breakers in the case of three-wire systems. 

133. The fuses or circuit breakers shall be designed or arranged to operate 
when the allowable load is exceeded by 25 per cent. 

134. No wire smaller than No. 12 B. & S. gage shall be used in lighting cir- 
cuits in gaseous places* except for the leads of weatherproof sockets, and 
these shall not be less than No. 14 B. & S. gage. 

135. In case distribution is made from a point underground, the distribution 
switches and fuses shall be mounted on a noncombustible panel mounted in 
a metal cabinet and fitted with a hinged door. This cabinet shail be used 
whether explosion-proof* switches are required or not. The cabinet shall 
be fitted with a door properly hinged so that it will close tightly and shall 
be provided with a fastening that will hold the door securely in a closed 
position. 

186. Flexible lamp-cord connections are prohibited except for portable 
lamps,* as covered by rule 145. 


DIVISION 5.—MISCELLANEOUS EQUIPMENT. 


FIXED ELECTRIC LAMPS. 


For wiring and control requirements of fixed electric lamps, see rules 124 
to 136, inclusive. 

137. Electric lamps used to illuminate haulage roads, side tracks, and similar 
passageways in nongaseous places* of a mine may be connected to power and 
trolley lines. 

138. Lamps may be connected in multiple or in series, and no fuse or switch 
will be required for one lamp or series of lamps. A switch may be used 
if it is desired to switch the lamps on or off and a fuse must be used if it is 
necessary to protect any considerable length of wire. 

139. All sockets shall be of the keyless weatherproof type and have no ex- 
posed metallic parts. Lead wires shall be rubber covered and of a size not 
smaller than No. 14 B. & S. gage. The lead wires shall be made a part of 
the socket and permanently connected thereto. These wires shall be attached 
directly to the line wires by soldering or by mechanical connectors. Sockets 
shall not be supported by the line wires, but by an additional insulator or 
insulators or some other device that will be entirely independent of the line 
wires. 

140. In mines that contain gaseous places* and in which electricity is used 
only for lighting or where the lighting circuits are separate from the power 
circuits, the potential* of such circuits shall not exceed the limits of low 
voltage* and all lamps shall be connected in multiple. 

141. Not more than 24 lamps shall be attached to any one circuit and the 
power taken by any one circuit shall not exceed 1,300 watts. 
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142. In gaseous places* of a mine incandescent lamps shall be protected by 
approved® fittings of strong glass or metal. 

143. Incandescent lamps shall be so installed that they can not come in 
contact with combustible material. 

144. Electric lamps shall be replaced by an authorized person* only, and in 
gaseous places* only after an examination for gas has been made with a 
safety lamp. 


PORTABLE ELECTRIC LAMPS.* 


145. Portable incandescent lamps,* other than approved* battery lamps, 
shall not be used except in connection with the repair and inspection of machines 
and equipment and then only in nongaseous* places in mines. When so used they 
shall be protected by a heavy wire cage which completely incloses both lamp 
and socket and shall be provided with a handle to which both cage and socket 
are firmly attached and through which the cord supplying the current is car- 
ried. The socket shall be keyless and the lamp circuit shall be protected by 
a fuse. 

146. When a portable lamp* is one of several connected in series between a 
source of potential* and the earth the portable lamp* shall be the one in the 
series electrically nearest to the earth connection. 

147. The use of portable lamps with leads of ordinary flexible cord is pro- 
hibited. Only lamp cords approved* for this purpose shall be used. 


SELF-CONTAINED PORTABLE ELECTRIC LAMPS.* 


148. Self-contained portable electric lamps for use in gaseous places* shall 
be of a type approved as permissible by the Federal Bureau of Mines. 


ELECTRIC SHOT-FIRING EQUIPMENT. 


149. Electricity from any grounded* circuit shall not be used for firing shots.® 

150. Special precautions shall be taken to prevent shot-firing conductors 
from becoming grounded* or from getting in contact with other electric circuits. 

151. Only authorized persons* shall be allowed to fire shots with electricity 
in a mine. 

152. The electric detonators or igniters and leads thereto shall be suitable 
for the conditions under which the blasting is carried on and shall be approved 
by the Federal Bureau of Mines. 

153. Portable shot-firing machines shall be of efficient design and shall be 
substantially constructed. All such machines shall be inclosed in strong, tight 
casings. 

154. Primary or secondary batteries used for shot-firing shall be inclosed in 
a well-constructed casing provided with a special form of contact plug for 
making the connection between the batteries and the shot-firing leads. The 


«The use of self-contained portable electric lamps* of suitable design and construction 
is recommended for aj! coal mines, provided that in gaseous places or in places where 
black damp is given off in large quantities frequent inspections with safety lamps are 
made. 

>It is recommended that all shots be fired electrically, and that for inside firing shots 
be fired separately and one at a time on account of the danger of causing blown-out shot< 
and resultant explosions. If fired in groups the firing should be done only from the 
surface, 
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design of the plug shall be such that considerable pressure will be required to 
make the contact, which will be immediately broken unless the plug is forcibly 
held in position. 

155. There shall be no exposed contacts on the outside of the battery casings. 

156. All portable shot-firing machines shall be equipped with a detachable 
handle, connecting plug, key, or similar approved * device without which the 
shot-firing circuit can not be closed, and which shall under no circumstances 
pass from the custody of the person authorized to fire the shots. 

157. No shot-firing device shall be connected to the shot-firing leads until all 
other steps preparatory to the firing of the shot have been completed and all 
persons have moved to a position of safety. 


DISCONNECTION OF LEADS. 


158. Immediately after the firing of a shot the firing leads shall be discon- 
nected from the suppfy of. electricity, and no person shall approach a shot 
which electricity has failed to explode until the firing leads have been so dis- 
connected and an interval of 10 minutes has elapsed since the last attempt to 
fire the shot. 


SHor Firinc From SurFAce. 


159. In coal mines employing the system of firing shots electrically from 
above ground when everyone is out of the mine, a complete metallic circuit 
shall be employed and both wires shall be covered with insulation and sup- 
ported upon glass or porcelain insulators. 

160. There shall be a switch at the mouth of each working place so that the 
circuit can be kept open while the miners are at work and closed only when 
the shots have been prepared and the miner or miners are leaving the place. 

161. There shall be a locked switch in the circuit at the entrance to each 
heading or side entry which shall be locked open and be thrown in only by an 
authorized person* when all the men are out of the respective heading or branch 
entry. 

162. There shall be in the circuit at the foot of the shaft or slope two plugs 
with flexible leads not less than 5 feet long to break further the main circuit 
of the shot-firing system until all the men in the mine have gone out, when the 
plugs will be put in by the one man authorized* to do so. Provision shall be 
made for locking the plugs out of circuit. 

163. There shall be located in the power house a locked switch to be used 
for connecting the shot-firing circuit to the generator or power line. This 
switch shall be thrown in only by the man who is authorized* to do the shot 
firing and not until the men have been checked out of the mine. 

164. There shall be located in the shot firer’s cabin a locked firing switch 
which shall be thrown only by the authorized* shot firer after all the men are 
out of the mine and after all other switches have been thrown in. In firing 
shots, this switch shall be thrown but once. 

165. To insure that all men are out of the mine, an approved* system of 
checking shall be employed. 

166. All shot-firing lines shall be carefully insulated and the two wires that 
torm the circuit shall be placed on the side of the entry or passageway opposite 
from that on which the trolley wire is placed, and so far as possible other rouds 
than the trolley road shall be used for carrying the wires into the working 
places. 
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ELECTRIC SIGNALING EQUIPMENT. 


167. The parts of electrical signaling systems used in connection with mines 
shall be designed, constructed, and installed in an approved* manner. No 
voltage* in excess of 25 volts shall be applied to signal circuits in gaseous 
places. 

168. Signaling equipment that is to be used in any gaseous place* shall be 
so designed and constructed that no sparks sufficient to ignite gas can be ob- 
tained from the operation of the system. Only insulated wire shall be used in 
gaseous places*. 

169. Suitable precautions shall be taken to prevent electric signal or tele- 
phone wires from becoming grounded* or from coming in contact with electric 
conductors, whether insulated or not. Signal circuits and telephone wires shall 
not be installed on the same side of an entry as power conductors, 
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Accidental contact, prevention of___-___-_______-_______ 10-15 
Ammeters' for clreults.z:.—...~-2-+=-2222- 2.2 cses cL ese eeuk 77, 78 
for: generators) sn ee ne eden 46 

for ‘transformers:> =< =< -0s522-ssees-0e04 52 ee ease becuse 37 

for underground motors_____-----_-__--____--______________ 66 
Attachment of lighting wires to power wires_______._-____________ 124 
Attendant for ventilating fan___.._.te-______..________-_______e 30 
Auxiliary fan motors______---_-______---_____- 61 
Bare conductors, carrying capacity of.__-.______________________ 16 
The: Of sa re hth eke can Shececbtes 95 

Battery charging stations underground._________________________ 39 
Bonding ‘of track =< — 2 22 ho sn 8 ecw 118 
Booster \fan ‘motors 22352-2625 n5 snnsea asad sown 61 
Bore-hole transformers, protection of_______-___________________ 79 
Bore holes, suspension of conductors in__--_____________-_______ 93, 94 
Branch circuits, control of-__---_---_-_-_-____---_--_--_--_-____ 107 
conductors 2-5 nn ns oe 5 esses 5---3~.. 106-109 
Brattices, wiring through ----------____________------___----___ 109 
Cables in shafts, suspension of--_---_-----_-____-_------------___ 90-92 
Capacity of equipment_____---------________-__--____--_-__----__ 6 
of hoists for handling men____------__-____________-_________ 51 

of motors for ventilating fans______________________________ 47 
Car or coal handling motors, underground____-_-________________ 60 
Carrying capacity of conductors__--_________-_-_--_____________ 16 
Casings, explosion-proof, for switches and fuses__________________ 130 
metallic, grounding of._._-_-----------___-_______-_-_-----___ 12 
Circuits and conductors____~-_--------------_-__----_-_-_---_- 76-136 
protection and control of-_-----_----_-_------------___ 76-83 
entering or leaving underground transformers___-___________ 81, 82 
entering through drifts or slopes__-______-________----__-___ 95 

for mining machines, size of___._---------_------_-__--_--__ 108 

for pumps; #126 Of... 55 ooo scene ne sens eaeae 108 
installation of underground power__------------~-------___ 96-117 
lighting, in gaseous places_______-_------------_--__----_- 128-136 

in nongaseous places____-----------_---_----_------_- 124-127 

leading underground, protection of__.__-_---__-________--_-___ 7 
maximum resistance of__________----.---_____-__-_-------_- 83 
methods of carrying underground_--_--_-_-________---_-____ 90-95 


on the surface___-----__-____-_-_--.--_---+--------------__ 84-89 
underground transformer, protection of----....----_________ 81, 82 
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Eule. 
Conductors, carrying capacity of-__._-_-_____-___-_____-__---__- 16 
sectionalizing 0f:=5=--2-2ss60 5 si. .csccces—n ences eesceene 104 
suspension of, in bore holes____---_-____--_-___--_--------_- 93, 94 
in ‘Bhatt@.52-555 2S cece si cas ens ataancsse loses eas 90-92 
See also Wiring. 

Construction of apparatus__-----_---__-_-_-_-___ ------_---_--_- 3-7 
Control of branch circuits___._______-__-___--___-_--------______ 107 
of circuits and conductors___-----------_------_--_--_--___ 76-83 
‘OF electric: lamps <2 a cn oo ewe ae ee Soe eken de cle eee 138 
of electric locomotives____-__-____-___----_-__---_---------_~ 70 
of ‘holst <3 s .Saaesecesen oS eben eet eseccaseatsseses 49-53 
of lighting circuits in gaseous places____--_-___-_-_--_--___ 132, 133 
Of ‘transformers. 22-8 soe ns a te es 79-82 
of underground motors___-------------_-__----------------- 59-68 
of ventilating fans 22-0 o a useo ahs cssenhescsnccessesus 48 
Controlling appliances, insulating platform for____-------_--_-__ 11 
Drifts, installation of conductors in-_____________________---_-__ 95 
Duplicate power supply for fan___-----_-_____________-_---_-_---- 29 
Electrician in charge of equipment______ EEO, AE SR ee Ee 1 
Electrical equipment In gaseous places_____-_____________-_-____ 17 
hoisting: equipment... 5.55.-2--5,- =o no ean ceeennns 49-53 
Electric lamps, control of__---------_--___------------------__ 138, 141 
connection: Ofs2...¢> 0525-3255 nacdaseteese ee nsecesoaszcase 188 
fixed 20 es se at er eee Sk edad 137-143 
in} gaseous: places 25202-55255 pee ssa ee ess ess 142 
in’ nongaseous: places... 222.3 22655 ssesccnsceeece eo. 137 
portable..- 422)... seo 555 eee nha ss Scns eae ee sok secasca= 144, 145 
Relft-conteined = 222-2. -o-Sena no Sa ee 148 
pockets: fori. so hea ne detente 139 
Electric shot-firing equipment_____--------_-----_-_-___-_-____ 149-166 
Entrance of circuits through drifts or slopes____---___-__________ 95 
Equipment, electric shot-firing________________--------------_- 149-166 
miscellaneous ).3365 35 cece oe eee tee occetencetes 1387-169 
relation of capacity to duty of___._____-______-____________ 37 
Explosion-proof casings for lighting-circuit switches______________ 130 
eguipmibent) tocccnl scence esos ht hase eee ncn 17 
MOOrS oe sens caesar sido csc cc pen poke seatesceseeseasee 56 
terminal box for trailing cable-____-__________________-______ 123 
Ban’ motors, buildings forse<.s+-.--20os..selencccescnkec eck 27 
capacity 0f5 32-2 2i=2 posse saasssk te seh eco aseusonn da 2 47 
Con Ol (Of. an as oe ace eeeecsoues se eesoncs oho A cede hia 48 
power, SUpD]Y. fotien2. 550-3 She ch hea Paschal seca 28, 29 

See also Auxiliary fan motors. 
Mind. .extingiisherssco occ. eo ce sh Ss eee sek ee St dese 22 
ire iprotectionua = 22005 8 to ae a ee es 22 
of automatic starting devices____._____-_______________-__ | 68 
Fixed: electrie: lamps 522.-2+ 1 os cance seen ae cansat, 1B87=148 
Flexible lamp cord, prohibition of use of_ ___-___-______________ 136 
Gaseous places, electric circuits in--___-___-____-_______________ 105 
electric equipment. fino... <5 225-255 Se casa tane Seek eeeh= 17 
electric: lampsiin: o.<< = saeco hace cecece Soo eS sc eccnoce een 142 
electric signaling equipment in__________________________ 168 
explosion-proof motors for___._--_---_-___-__- 56 
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Gaseous places—Continued. Rule. 
Nehting \elrcults-inss.---s-seccaccacesas- 2 obs seacces aaa 128-186 
LOCOMOTIVES: I. = 2 oo ccc je detaches cca eee enw aesesy 69 
permissible portable electric lamps for... __-_-------------_- 148 
portable electric lamps in__-_--____---_--_--------------_-_~ 145 
replacement of fixed electric lamps in____-___-______________ 144 
TOON) WAIT E1N=o B oe ee ee SS ee 111 
storage-battery locomotives for_.._._____.______________________ 75 


trailing cables it sess sccosacsnanescunetcsaaentesetesccscsas » 128 
Generators... 2-=3sescs Serkan et ee Sedat demccnetce QBC2F 


Generating stations and surface substations______________________ 23-26 
Grounding of metallie frames__________.-__-_-_---~-_-_-_____ ee 12 
of portable -motorssesa. 3. 92 Soon 2eennchascestoua_ge 5 ase 12 
Ground return for lighting cireuits_____.________________________ 127 
Haulage system, main, bonding of tracks of__________-__-__-___-___ 118 
Headlights for electric locomotives_______-________-__-____ sass 71 
Hoisting. equipment, <2-2-=-52225-25255225-26- 042-5 ncsennennske 49-53 
stations, underground____-_~_--___-----_--_-__-___----___ 338, 34, 38 
Hoists, shafts. =... casos eense ee ceed een ee eso SRI 
MODE Naas ss RES a Soa esas asestaase acassrae se peo ere 
Trispection and maintenance... 55 ..0c02-6<.+ <3 8335s 18 
Installations, mechanical construction of__—..---_.------------~- 9 
Instructions for resuscitation from shock__-_--_-------_-----_- 20 
Insulated’ wire,, Wse° 0f:.2 2+ 2.2 =.22 se eet naes5csncaaessse 14,17 
Intermittent service, equipment designed for___-_--_-_---_-_____ vs 
J0intsin. wites-=-- s22-5,.--s405525-5. Se 5cc5—h5ccemsccssossa- 96 
Lamps, fixed electric___.__....._-...-_--.-_.----------------- 137-143 
connection  Ofssccssosoeecce esau nes seesssessnesesesase . 1388 

Control: Ofjes scene chk cee See eee nee cate ees eekse 138, 141 

in waseous: plates.2.- 20 55~~-22--25525-—--505550-552 142 

in nongaseous places___------------------------------_ 137 
replacement .0f-22>>. =o ssa sn ce oS heccce teen seas 144 
sockets: for -s—2 55s 55oes a esas csescssee test sse24 : 139 

wires: for; ‘size: OL; 2-3-=s=-csaas2sS=sn55eecs-acesssne 126, 134 
portable: .electri@o 32). <b Seca odes hassaescccs ae 145 
self-contained portable electric_____-------_-----------_-__- 148 
Lighting circuits, ground return for____----~--------------___- 127 
in’ “gfaseous’ :places.-2=-=<2-52-52socee 22 oe as chee 128-136 

in‘ nongaseous’ placeS.5= .-26.50c-se5 2-3 oeaneus noes 124-127 

BIZ. Qfswcevs aes eeee noo hese ee esos gees 126, 181, 134 
switches in gaseous places__----___-__ .---------+--+--------- 135 
wires, attachment of, to power wires___-----------------__ 124 
Lightning arresters:. 2527 2eso 2 sens noe eee ne ee ah, 28. 
Locomotives’... 25 a anh ess ns se ee ee 69-75 
pathering. 2.2606. o5 5+ Son sasstu Sosa a ceneecasesscuesooose 74 
hendlivhts forso=2a-s 5 S-2-s aces sccsa sane se ne ceoatan sks 71 

in: gaséous: places. 52 25a. cscs e scene cee et eekade 69 
Rand boxes) folics<5222.2-2-522-552—S5 2 soe eens SS P4 
storage. /DattGry san. as ok sees zen cok eens 75 
Willig) Of === =sssa-5 es cee ees heen Se ebeeeaeads 70 
Machines: and) apparatus. .....3...~ 2-22 2sne seen see ce sncse 40-75 
Man: hoists22 5 22 src tS ee ae ee 50 
‘Manin’ charge: of equipnient._ son... 555s eae 1 
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Maximum resistance of circuits___.___.------------------------- 83 
voltage for signaling equipment____---_____---__-__--------- 168 
Mechanical construction of installations_______.__.____._____-_-_- 9 
Metallic coverings for high-voltage conductors. ______--_--_-___ 100 
for lighting circuits in gaseous places..______---------------- 129 

for: locomotive: witingscsi222=-c.25-.s2csecccsccncutasdeeess 70 

for motor terminals_________________ ee eee oe 55 

for portable motor wiring ____________- BPE Aa - Oa a 57 

for shock-proof conductors__________-_-------------------- 14, 97 
Mining-machine circuits, size of ___.________________ ___------ 108 
11100) 28) 9: i ee oe en Se ee ee ee 58 
protectlon: Of. ss ete Fao, Inthe Bowe, oe eae 63 
Miscellaneous equipment._______-_____ ___________-_-_-------- 187-169 
MOtors;. for “ventilating fane2..o-2 =< 0-53. s5sh S55 2s tc eceecscs 47 
underground. .=...-3 09S. co es ee fae cee skseasetn 54-68 
protection of terminals of___-______-_-_-____-_--------- 55 

Motor starters, insulating platform for___-------------_-- a nae 11 
Noticesand “warnings: = 2s oo so an ee nese ee eae 19 
No-voltage release for starting devices_______------------------ 62 
Pérmissible*-voltazes2 ne ee ee ae 8 
Persons working on electrical equipment_____-_____-------------- 2 
Plan of electrical: system: =.= 2s5.-.. 2-2 oo ct aceccance 21 
Portable electric lamps___-_._.-......-.=~-.-==<-.+----==--s=.- 145-148 
WiOtors es. So 8s a Ot Fe eee 57, 58 
growling. ofan. 425 ota ss nS le eee 12 


Power ‘supply for fatts=2=-2-- "22-20, sas2 an ecnessecs cece cess 28 
Prevention of accidental contact _-______- _-_. _-____------------- 10-15 


Protection of all, circuits: eo as nsec 76 
of bore-hole transformers___-_-___-_---_____ -___------+----+-- 79 

of ‘cablesn-shafts:2 = ee techn n le skeasesache n= 90602 

of conductors in drifts or slopes____________-_-__------------ 95 

in. traveling Ways=-<<s<c=s2<---2nessesH-eeansncsacsces= 102 

of hoisting:equipment:.-= of week ee She Ste 49-5: 

of lighting circuits in gaseous places. ____------------------ “130 

of lighting circuits underground___-_----------------------- 77, 78 

of motor ‘terminals... <. 2s secu 5 secs asc assscceensascseeesas= 55 

of surfaceé trolley lines: ...-.S0sccn2eses ool Ase ntwcsecsese 86 

of underground transformer circuits__.--.----_------_----_- 80-82 

Of Wititt2 sansa sess sactassesceas Boeck ee neeeeenn 13 
Protective devices for all underground motors = __-~-------_---- 59-63 
Pump circuits, conductors for, size of--------------------------. 108 
Stations: inereround: 2. noc m anette caer awap he ne nee 38 
Rall bonding. fe a oh ee ete DIS 
Rating of equipments. 22 cs tees e sek csceelesceseceseansaccse 37 
Resuscitation from shock, instructions for__-__-___-_-------__---- 20 
Return wire of grounded systems__~--~--~~~ Bs Se bebe ee ets 101 
Room) WiPINS oz oe ar eansectsne soso a nsect lien nck Sosa 111 
Sand boxes for electric locomotives_____-_._--_------------------ 73 
Sectionalizing ‘conductores osss2~ass<c2 cc coc sce nce ca Secs 104 
Self-contained portable electric Jamps_-_-----------------+------- 148 
Shaft Cables. tne nn a a neces 90-92 
hoists_ ee ee - 49-51 
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Shock, resuscitation from, instructions for_.....-..___.----___ 20 
Shock-proof underground conductors ____._-----___---_---___-____ 97 
Shot-firing equipment _._._-_-_________---__--___------- 149-166 
Signaling equipment —_.-.-_______________-_---_______________ 167-169 
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system for slope hoists____----______-___------__-----------. 53 
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Starting devices, automatic, for underground motors______________ 68 
on tipples _---__..----------_- SGebncadeaca speszesas spe seseu 32 
no-voltage release for _---___------------_---_-------------- 62 
Stations, underground2._ 2.202.532 St Ra cc 33-38 
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{PANSfONMOEr | saa se cats ee eee ecg, 86-87 
Storage-battery locomotives__.____-___._--------_-------------__ 75 
Substations:. ‘surfaces == 5-~ a Se lose canna lesescaasi ce 23-26 
Surface and underground stations______----_______-_---_______- 23-38 
transmission lines_---_-~~--~----------------~------------- 84, 85 
trolley Vines. .22... Soe <n 3 sai soe pet ee. 186-88 
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G17@: Ofc2enassassscausaseecsensescssssssbsssecctusslsn'd 88 
Suspension of conductors in bore holes_____-_--_--------------_- 93, 94 
fin /SHATt8 ss os seec ose on eee eee ee sae Soe ecb 5s, O82 

Surface structures, electric equipment on____----________-______- 31, 32 
Switches for branch trolley lines_____---_---------_-_---.----__- 116 
fisulating. platform ‘for. -2 2.2 .<.222..2sts25u.54-5-heches 11 
Switchboards.. 2 =. 222 --55526- 2 sheesh ak es ce ate 40-46 
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live. metal) work (00 s.0-4252 25. ccl seo scsecesscscscesusces 43 
passageways fora. —- = <-222-2-225250senesceshaetoercenesae 43 
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Telephone wires on power-circuit poles______.___--___-__---____ 84, 85 
Tipples, electrical equipment on_-____--_--_________---_________- 31, 32 
Trailing. «cables. ---------.2-22--2s5 ene s5eccanSese5ss—5ene55 119-123 
attachment to machine frame__---__________________--_____ 58 
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in. gaseous’ places J - 522-355-352 ana- ose ssa ss ssnsise ses 1238 
insulating clamp for__----~---------~------------------_-.- 58 
Transmission lines; surface-=..---~-~-----s.=-=2=-==---=-=---..4 85 
Transformer circuits, underground, protection of -__________ 80-82 
stations .andérground 2-3-5 << S6sssnass ess pancssscecascse Dot 
Transformers, bore-hole, protection of_..-.--.----------_--_-____ 79 
Trolley wires, surface_--~-~_--.-_--------------- ean cas /OOA8O 
insulation: (of 25.4 Scere ee 5 el eee ee ee 89 

Rize Ap tete seo On Bead eet ete Seng) Parks J eee 88 
underground... 2-22.- = 222- cassaccgcunewaatdenssssecscscé 112-117 
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Ccontrol):0f 22 2ccscotosesoonesSee sock coe ee no 08-08 
construction’ 0f. 2203. 22 32 ssce snc ss sess sac cen ean 54, 55 
overall release device for_-___-__-__-----_------------- 68 
starting resistance for_____-_-----___-_-----------------_ 64 
power circuits, installation of__------___--__-------------- 96-117 
SUHHONS 2 ao So a eae een nonce aaa dateeeae wae ones 33-38 
ventilation’ :ofis-- 2-22-22. 327s. besa accse nn cnoteee 34 
Ventilating fan, attendant for_____________-_________---_--_____ 30 
duplicate power connection for____--_----_------------- 29 
electrically ‘driven isso. Seo Set re ae Cae eeeeS 27-30 
equipment:.<23-22 22. 5 ee es ee eee eee 47, 48 
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lightning arresters for_______--_---__-_--___------_----.. 28 
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underground booster motor for.___-_---__--------------- 61 

See also Fan motors. 
Voltages, permissible___________-_-________-__----_-_------------ 8 
Wilres: slits. 0-2 52220234 os cece ass accqstoncas eeeetecamece 96 
Wiring between motor and supply circuits___-.--__--__--_-----__ 67 
for lighting circuits in nongaseous places__-_-_---------___ 124-127 
for portable: Motors:s<s-=2525-22s2sesssesscseesssssesaeeess 57 
in: pump. stations: <<: ---s22255 54 35 snsaSsen5—3 Ssenckeasle 38 
in entries or passageways___------_-_-_-----------------.. -- 110 
in; transformer: stations....22-5<. 425s. 2s5e scent cesn gnc ce 36 
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throvuih, bratticess.,.. 3. ackcns nak Acces eema ccna aoe 100 
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PUBLICATIONS ON MINE ACCIDENTS AND METHODS OF COAL 
MINING. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 


A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until 
the edition is exhausted. Requests for all publications can not be 
granted, and to insure equitable distribution applicants are requested 
to limit their selection to publications that may be of especial in- 
terest to them. Requests for publications should be addressed to the 
Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications 
available for free distribution as well as those obtainable only from 
the Superintendent of Documents, Government Printing Office, on 
payment of the price of printing. Interested persons should apply 
to the Director, Bureau of Mines, for a copy of the latest list. 


BULLETIN 17. A primer on explosives for coal miners, by C. E. Munroe and 
Clarence Hall. 61 pp., 10 pls., 12 figs. Reprint of United States Geological 
Survey Bulletin 423. 

BuLteT1n 20. The explosibility of coal dust, by G. S. Rice, with chapters by 
J. C. W. Frazer, Axel Larsen, Frank Haas, and Carl Scholz. 204 pp., 14 pls., 
28 figs. 

Butietin 45. Sand available for filling mine workings in the Northern 
Anthracite Coal Basin of Pennsylvania, by N. H. Darton. 1913. 33 pp., 8 pls., 
5 figs. 

Butietin 46. An investigation of explosion-proof mine motors, by H. H. 
Clark. 1912. 44 pp., 6 pls., 14 figs. 

BuLuetin 50. A laboratory study of the inflammability of coal dust, by J. C. 
W. Frazer, E. J. Hoffman, and L. A. Scholl, jr. 1913. 60 pp, 95 figs. 

BuLietin 52. Ignition of mine gases by the filaments of incandescent e:ectric 
lamps, by H. H. Clark and L. C. Iisley. 1913. 81 pp., 6 pls., 2 figs. 

ButieTin 56. First series of coal-dust explosion tests in the experimental 
mine, by G. S. Rice, L. M. Jones, J. K. Clement, and W. L. Egy. 1913. 115 pp., 
12 pls., 28 figs. 

Butietin 60. Hydraulic mine filling; its use in the Pennsylvania anthracite 
fields; a preliminary report, by Charles Enzian. 1913. 77 pp., 3 pls., 12 figs. 

Bu tietin 62. National mine-rescue and first-aid conference, Pittsburgh, Pa., 
September 28-26, 1912, by H. M. Wilson. 1913. 74 pp. 

Butietin 68. Electric switches for use in gaseous mines, by H. H. Clark and 
R. W. Crocker. 1913. 40 pp., 6 pls. 

BULLETIN 99. Mine-ventilation stoppings, with especial reference to coal mines 
in Illinois, by R. Y. Williams. 1915. 30 pp., 4 pls., 4 figs. 
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ButreTin 101. Abstracts of current decisions on mines and mining, October, 
1914, to April, 1915, by J. W. Thompson. 1915. 138 pp. 

ButieTin 105. Black damp in coal mines, by G. A. Burrell, I. W. Robertson, 
and G. G. Oberfell. 1916. 84 pp. 

BuLieTIN 113. Abstracts of current decisions on mines and mining, May to 
September, 1915, by J. W. Thompson. 1916. 123 pp. 

BULLETIN 115. Coal-mine fatalities in the United States, 1870-1914, with sta- 
tistics of coal production, labor, and mining methods, by States and calendar 
years, compiled by Albert H. Fay. 1916. 370 pp., 3 pls., 13 figs. 

Boutietin 118. Abstracts of current decisions on mines and mining, October to 
December, 1916, by J. W. Thompson. 1916. 74 pp. 

TECHNICAL Paper 4. The electrical section of the Bureau of Mines, its purpose 
and equipment, by H. H. Clark. 1911. 12 pp. 

TECHNICAL Paper 6. The rate of burning of fuse as influenced by temperature 
and pressure, by W. O. Snelling and W. C. Cope. 1912. 28 pp. 

TECHNICAL Paper 7. Investigations of fuse and miners’ squibs, by Clarence 
Hall and S. P. Howell. 1912, 19 pp. 

TECHNICAL Paper 11. The use of mice and birds for detecting carbon mon- 
oxide after mine fires and explosions, by G. A. Burrell. 1912. 15 pp. 

TECHNICAL Paper 13. Gas analysis as an aid in fighting mine fires, by G. A. 
Burrell and F. M. Seibert. 1912. 16 pp., 1 fig. 

TECHNICAL Paper 14. Apparatus for gas-analysis laboratories at coal mines, 
by G. A. Burrell and F. M. Seibert. 1913. 24 pp., 7 figs. . 

TECHNICAL Paper 15. An electrolytic method of preventing corrosion of iron 
and steel, by J. K. Clement and L. V. Walker. 1913. 19 pp., 10 figs. 

TECHNICAL Paper 17. The effect of stemming on the efficiency of explosives, 
by W. O. Snelling and Clarence Hall. 1912. 20 pp., 11 figs. 

TECHNICAL Paper 18. Magazines and thaw houses for explosives, by Clarence 
Hall and S. P. Howell. 1912. 34 pp., 1 pl., 5 figs. 

TECHNICAL Paper 19. The factor of safety in mine electrical installations, 
by H. H. Clark. 1912. 14 pp. 

TrcHNICAL Paper 21. The prevention of mine explosions, report and recom- 
mendations, by Victor Watteyne, Carl Meissner, and Arthur Desborough. 12 
pp. Reprint of United States Geological Survey Bulletin 369. 

TrecHNICAL Paper 22. Electrical symbols for mine maps, by H. H. Clark. 
1912. 11 pp., 8 figs. 

TECHNICAL Paper 28. Ignition of mine gas by standard incandescent lamps, 
by H. H. Clark. 1912. 6 pp. 

TECHNICAL Paper 39. The inflammable gases in mine air, by G. A. Burrell 
and F. M. Seibert. 1913. 24 pp., 2 figs. 

TECHNICAL Paper 43. The effect of inert gases on inflammable gaseous mix- 
tures, by J. K. Clement. 1913. 24 pp., 1 pl., 8 figs. 

TrecHNICAL Paper 44. Safety electric switches for mines, by H. H. Clark. 
1913. 8 pp. 

TrecHNICAL Paper 47. Portable electric mine lamps, by H. H. Clark. 1913. 
13 pp. 

TECHNICAL Paper 48. Coal-mine accidents in the United States 1896-1912, 
with monthly statistics for 1912, compiled by F. W. Horton. 1913. 74 pp., 
10 figs. 

TECHNICAL Paper 58. The action of acid mine water on the insulation of 
electric conductors; a preliminary report, by H. H. Clark and L. C. Ilsley. 
1913. 26 pp., 1 fig. 

TECHNIcAT Paper 75. Permissible electric lamps for miners, by H. H. Clark. 
114, 21 pp., 3 figs. 
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TECHNICAL Papers 76. Notes on the sampling and analysis of coal, by A. C. 
Fieldner. 1914. 59 pp., 6 figs. 

TECHNICAL Paper 84. Methods of preventing and limiting explosions in coal 
mines, by G. S. Rice and L. M. Jones. 1915. 45 pp., 14 pls., 3 figs. 

TEcHNIcaL Paper 100. Permissible explosives tested prior to March 1, 1915, 
by S P. Howell. 1915. 15 pp. 

TEcHNIcAL Paper 108. Shot firing in coal mines by electricity controlled from 
outside, by H. H. Clark, N. V. Breth, and C. M. Means. 1915. 36 pp. 

TECHNICAL Papers 119. The limits of inflammability of mixtures of methane 
and air, by G. A. Burrell and G. G. Oberfell. 1915. 30 pp., 4 figs. 


TECHNICAL Paper 134. Explosibility of gases from mine fires, by G. A. Bur- 
rell and G. G. Oberfell. 1915. 381 pp., 1 fig. 

Miners’ Crecurak 5. Electrical accidents in mines, their causes, and preven- 
tion, by H. H. Clark, W. D. Roberts, L. C. Ilsley, and H. F. Randolph. 1911. 
10 pp., 3 pls. 

Miners’ Crecutak 12. Use and care of miners’ safety lamps, by J. W. Paul. 
1913. 16 pp., 4 figs. 

MINERS’ Circurak 138. Safety in tunneling, by D. W. Brunton and J. A. 
Davis. 1918. 19 pp. 

Mrness’ Crecutak 16. Hints on coal-mine ventilation, by J. J. Rutledge. 1914. 
22 pp. 

Mrnegs’ Crecutak 20. How a miner can avoid some dangerous diseases, by 
A. J. Lanza and J. H. White. 1916. 26 pp., 4 figs. 

Miners’ Crecutak 21. What a miner can do to prevent explosions of gas 
and coal dust, by G. S. Rice. 1915. 24 pp. 


PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE SUPERIN- 
TENDENT OF DOCUMENTS. 


The editions for free distribution of the following Bureau of 
Mines publications are exhausted, but copies may be obtained by 
purchase from the Superintendent of Documents, Government Print- 
ing Office, Washington, D. C., or can be consulted at public libraries. 
Prepayment of the price is required and should be made in cash 
(exact amount) or by postal or express money order to the Superin- 
tendent of Documents. 

The Superintendent of Documents is an official of the Government 
Printing Office and is not connected with the Bureau of Mines. 

Butietin 25. Mining conditions under the city of Scranton, Pa., report and 
maps, by William Griffith and E. T. Connor, with a preface by J. A. Holmes and 
a chapter by N. H. Darton. 1912. 89 pp., 29 pls. 50 cents. 

BULLETIN 26. Notes on explosive mine gases and dusts, with especial reference 
to explosions in the Monogah, Darr, and Naomi coal mines, by R. T. Chamberlin. 


1911. 883 pp., 1 fig. 10 cents. Reprint of United States Geological Survey 
Bulletin 383. 

BuLietin 42. The sampling and examination of mine gases and natural gas, 
by G. A. Burrell and F. M. Seibert. 1913. 116 pp., 2 pls., 23 figs. 20 cents. 

Butietin 69. Coal-mine accidents in the United States and foreign countries, 
compiled by F. W. Horton. 1913. 102 pp., 3 pls., 40 figs. 25 cents. 

BULLETIN 72. Occurrence of explosive gases in coal mines, by N. H. Darton. 
1915. 248 pp., 7 pls., 33 figs. 35 cents. 
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TECHNICAL Paver 24. Mine fires, a preliminary study, by G. S. Rice. 1912. 
51 pp., 1 fig. 5 cents. 

TECHNICAL Paper 27. Monthly statement of coal-mine accidents in the United 
States, January to August, 1912, and statistics for 1910 and 1911, compiled 
by F. W. Horton. 1912. 24 pp. 5 cents. 

TECHNICAL Paper 29. Training with mine-rescue breathing apparatus, by 
J. W. Paul. 1912. 16 pp. 5 cents. 

TECHNICAL Paper 77. Report of the committee on resuscitation from mine 
gases, by W. B. Cannon, G. W. Crile, Joseph Erlanger, Yandell Henderson, and 
S. J. Meltzer. 1914. 35 pp., 4 figs. 5 cents. 

Minegs’ CrecuLak 8. Coal-dust explosions, by G. S. Rice. 1911. 22 pp. 
5 cents. 

Miners’ Crrcutark 7. Use and misuse of explosives in coal mining, by J. J. 
Rutledge, with a preface by J. A. Holmes. 1913. 52 pp., 8 figs. 5 cents. 

Miners’ Crecurar 8, First-aid instructions for miners, by M. W. Glasgow, 
W. A. Raudenbush, and ©. O. Roberts. 1913. 67 pp., 51 figs. 10 cents. 

Miners’ Crecutak 11. Accidents from mine cars and locomotives, by L. M. 
Jones. 1912. 16 pp. 5 cents. 

MINERS’ CrgcULAR 14. Gases found in coal mines, by G. A. Burrell and F. M. 
Seibert. 19138. 23 pp. 5 cents. 

MINER’ Crecutar 15. Rules for mine-rescue and first-aid field contests, by 
J. W. Paul. 1913. 12 pp. 5 cents. 
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